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SUMMARY 

Early mrchinc l xp*rim*nt, on th, 
TeVotron which a?* r.l.vont to th, SSC ,P, 
di,cuss*d. Despite th, prrlininary natur, of 
th, data. thcr, h,v, b,,n ,om* intrrerting 
ob.,+vation. which may influence th. design 
of th, SSC. In particular. comparisons of 
m*.,ur*d b*tatron tuncsa chromaticitier. and 
r*,o"r"c. lin* widths with the,. p7.dict.d 
from computer simulations using magnetic 
fi.ld m~*.uromentr have b,rn mad,; the 
prsdictlblity for low order ph.nom.na ,*.ms 
.cc*ptable. Coasting beam studier indicat* 
long lif*tim*s ,nd lack of strong v,son,nc, 
driving ts7-ms. LOW *"*l-gy studies of beam 
behavior indicate that a dynamic rang* of , 
factor Of 15 from inJ.ction to opwetion 
*n*rgy ,hould b, po.siblc. 

INTRODUCTION 

strtus of m T,"rtron 

In th. following discu,,ion, Tevatron is 
us*d in th* g*n*ric *en,.. Doubler, ED/S, 
Sl".l-. T." I. T,v II> and Collider *r* 
considered opwating mod,. of the Tevatron. 
FM- 

Th. primary purp... of the Twatron for 
th. prrsent and th, next two yerrs is to 
provide beam, for fired target phyric,. A, a 
con,eq”e”c.t virtually a11 machine studi,, 
h,v, brrn dit.ct*d toward th* goals r.l*vrnt 
to ,xtr,ction and high int*n,ity fired targ*t 
phy,ic,. Th. pressnt ,ituation i, that low 
int*nsity b,sm, hav, b,," acc.1.r.t.d to 700 
GeV and extraction to *xp.rim.ntal *PC*, h*, 
b.," accomplished up to 512 GeV. Th. pr.s.nt 
op.rating mod, is at 400 G,V, about 10**13 
PPP, 15 5 flat-top. with a 39 , cycl*. /r*+ I/ 

Sam* d.t, from th, commi,,ioning of th, 
fixed target program are particularly 
r*l.vrnt to th, SSC. even if th, SSC is not 
u..d For fix.d targ.t physics. Th... d,ta arc 
mort1y to a”,“.7 th, qurstion "HOW 
pr,dictable ir/w,s th, Tevatron '?" 

Whit will b, pr,r,nt.d h.r. ,P. 
comparisons of tl,gn,t T*,t Facility (flTF> 
drta /rcf 21 on individual m*gn*t 
m.*,ur*m*nts with the corresponding data 
extractrd from m..sur.mrnts of circulating 
b..m b.hrvior. This includss tha <*I>, <bt>. 
l nd <b2> magn*tic multipal* mom*nt, and th. 
width of th, l/2-int*g*r stop-b,nd. 

Col1id.r 

In 1983 th,r. w.?, thr.. *cssions of 
co*sting beam studi.,. Th.s* W.P. dir.ct*d 
towrrdr th. d.v*lopm*nt of ,tor*g* t.chniqu*s 
and to g.t l first look st th, T,vatron .s a 
collidrr. Ind,.d. th, t,chniqu,s Y*P* quickly 
imp1.m.nt.d and th* initial coasting b*am 
studirs at 400 CcV w,+, v,ry l ncourrging. Th, 

tran,v*r,. rtibility of th. co.sting b,.n 
S..KiS to b, v,ry good with long lif*tim*s 
C”rn” on potentially strong re,o”*“cc.. 
Longitudinrl dilution ,**m, to occur rapidly. 
how.“.?, indicating noi,* problems in th, low 
l.v.1 rf syst.n. 

Hachin, m 

In 1983 thrr. W.P, tkw machin, study 
s,.sions d.vot.d to th, dynamic rang. of 
sup.rconducting m,gn,t.. Th.,, studi., a?* 
pwticularly r.1.v.nt for HERA. which will 
h,v, *n inJ*ction *n.rgy of 40 CcV and , top 
enrrgy of 820 GIL'. more than . factor of 20 
high.?. As 1~~115 ths mrgnctr rnd lrtticm .r. 
,imil*r to th* T,votron d,sign. 

For th, SSC to op.r,t, b.tw.,n 1 and 20 
T,V impli*, thrt th, T,vatron ,hould 
cvtainly h.v, , r.*son*bly good fi*ld 
rp*rtur* from SO C.V to 1 T*V. D*tail$ of SSC 
magn.t construction .uch a. bon diam,t,r and 
Filam,nt sir* as w.11 l s l*ttic* d*sign maka 
th. m.r.ur.s.nts d.scribcd h.7. IIIOP. ok 1.9% 
rc1,vant. 

For th,s, rtudi*, th, b,,m ~2s inJ,ct,d 
into th. Tevatron at the normal 150 CeV Main 
Ring en.rgy and then d.c.l*r*t*d. This 
trchniqu. nas ,*v*ral advrnt*g*s OV*C trying 
to inJ.ct directly at 50 G.V. First, it isn’t 
n*c*,,ary to ch,ng, anything in the Main Ring 
it5,lf or to th. "R to Tevstron tr.nsf,r 
systrm. S.cond. by rtrrting from l known s,t 
of op*rating condition, th* b.rm can b. 
d.c,l,rat.d in a mar* confrollod fashion in 
sm.11 steps. if “@C.*Sary. The maJOl- 
disrdvantag. of th. dscrleration techniqu. i, 
that it i, n,cesrrry to und,rstand th, 
hy,tare,i, of the Tevatron magn.t,r. 

MAGNETIC MULTIPOLES 

Th, mvltipolr monlent, of th. dipola 
magnets ar, drfined by: 

E + iB = BO Go (bn n + ia >(I + iy) “a 
Y a 

where th, pal. numb,r is given by 2(n+l). 

Th, av,r.g, of th, HTF m,asu+,m,nts of 
th, 774 dipo1.s sub,.qu.ntly instrll*d in th, 
ring 1~. us,d in th, fallowing discurrion. 
And. although drtai1.d m*r,ur.a*nts on rich 
mrgn*t ar. availabl* up through 30-~01,. only 
th* v*ry low*st trrms hrv. b.,n inv*stigdtrd. 
This is mostly due to lack of timr. nowv4*r. 
it might b, not,d that th, only z,ro harmonic 
carr*ction l l*m*nt strings which hav. b.." 
pou.r.d (and n,,d,d) .T. th, 2 quadrupol., 
th, 2 s.xtupol,. th, sk.w quad. and th, 2 
actupo1. circuit,. Thus it will b. HOP. 
difficult to inv*stigrt. the high*r t*rms of 
th. moltipol* l rpanrion. 
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L!u +".rao. ouedruoolr, (bl> could be due to some rotrt.d quedrupoles in 

th. ring. Nevertheless. 
One of the the first 

there e?. two rath.r 
surprises in the 

commissioning of the machine 
interesting feature, worth noting. 

was that the 
horizontal end vertical tune. Y.TI. me.sur.d +I 
to be 19,A and 19.2. respectively. instead of 
the predicted 19.4 in eech plen.. This is now 
und.r,tood es en .?'ror in the physical 
curvature of the megnets themselves. 0 

After assenbly. the dipole, were bent to 
have 6 mr of curvature. Subsequent relaxation ; 
effectively chengrs the coordinat* systenr l 
defined by the MTF relative to what the beam r 
actually sees. And. es it turns out. . change ; 
of 1 mm in the sagitt. will ceus. an ‘* 
effective change of l.E-4/inch of <bi> due to > 
. "feed-do""" from the Cb.2, tern. I: 

Fig. i shows the sverege quedrupole Cbi> z 
as merr"red by MTF compared to the values 
needed to predict the beem beheviar. The t: 
points a" the cur"es COW-.SpQnd to uh.?. the < 
m..,ur.m.nts were ecturlly med.. 
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Fig. 2 conper., <bZ'> from the MTF 
mcar"r.acnt, with the values needed to 
predict the chromaticity behavior OF the been 
at several energies. For reference. a change 
of ILE-4,inchr.Z of <b2> roughly correspond, 
to 20 units of nature1 
dG/(dp/p). In order to 

chrometicity. 
derive a consistent 

srt of date it Was necessary to as,“m, an 
offset of about 0.5 empr in the two sertupof. 
correction element strings. This could be due 
to persistent cvrrentr in the correction 
elements th.ms.1v.s OP . simple reid-b.ck 
=?l-r07’. 

Lh averaoe w guedruool.. u 

Fig. 3 show, the current in the Sk.Y 
quad corr.ction element circuit needed to 
reduce the horizontel-verticel betatron 
coupling es . 
dmplitude is 

function of b..m cnrrgy. Th. 
**VeTa 1 times larger than 

predicted by the MTF v.1u.s for <al>. This 
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Ch~O~.tlcl.l.li a. IOY.. CYV”. from MTF d&.. 
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Fig”-. 3. Sk.” qY.d ..cit.tion YS. En.rpy. Th. “.I”., 
b.lW 150 0.” .I. FT.. th. d..cc*l.rat,on ,tu*i., 
v.0ort.d 1.t.r. 

The first is the non-linearity of th. 
curr*nt “I enrrgy Of th. slrrw 
correction. This might be 

qued 
due to 

rotating with excitation OP 
something 

syrtemrtic closed 
perhaps ,om. 

orbit distortion 
with feed-down 

coupled 
from . higher 

mam.nt. In any 
multipole 

event, the 
reproduceebl. 

phrnomena a,-. 
end smell enough to be easily 

corrected with the l veileble circuit (15 amps 
out of SO amps meximum). 

The second is an observation med. during 
deceleration studies that there is a rather 
lrrge hysteresis effect. This i, ,..n for the 
V.1U.E 1.s. th.n 150 CeV. This observation 
probebly ergu., for the feed-down explanation 
of the alscrepancy between n.rs"r.d and 
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predicted <.I> 

betstron resonence driving terms 

In the course of setting up the l/2 
integer extraction COI. fixed target operation 
the width of the horizontal l/2 integer 
rtopbend we, m..,ured to be 0. 007. 
Subsequently, using the MTF data and the 
politionr of the dipoles in the ring, 
trecking studier /T.f 31 have predicted th. 
horizontal line width to be 0.006. The 
vertical width. 
orcdicted to be G.& 

Y*t unmeesured. 1s 

STDRAGE STUDIES 

The goal of the 3 storege sessions wes 
to develop the techniques for studying the 
berm in this mod.. once the various beam 
aborts peculirr to fired target operation had 
be." disabled and the ext+action devices 
turned off. there we, no difficulty in 
storing the beam et 400 G.V. In flct, the 
me~ot difficulty u.8 to observe been loss. 

The beem intensity and loss monitoring 
syrt.ms of the Tevetron w.7. designed 
primarily for the initial commisrioning of 
th. mechine for fixed terget physics. Losses 
for low intensity beems with lifetimes of 
t*ns of hours need ma?. sensitive detectors. 
Barn.. rc,"lt, ".TC seen using a pdir of 1 
squarr meter scintilletion count.7 hodoscopes 
in the 80 interaction pit next to the berm 
pip.. During the longest store (3h 47m. ended 
out of boredom). the counting rater WRPR IOU 
for the hodoscop., thcmoelves ((30 kHz> and 
for coincidences bat,".." 2 hodo,cop.s 
,.p.rat.d by 10 m along the brem line ((10 
kHzJ. That the erp.riment.1 environment is so 
quiet even with the single berm intensity 
“Cd7 the design value (3Eii) is v.ry 
*"couraglng. 

trensvers. stebilitq 

Two experiments to look et the 
trans"ersc stebility of the beam we+. I, to 
artificially blow up the beem by using the 
tune mreruring ping.? (a pulsed dipole which 
kicks the b.rm for on. turn to ercit* 
coherent betstron oscilletions) end 2) to sit 
neer a cluster of fifth order rcsonrnces. A 
flying wire scdnnc~ wds used to monitor the 
beem width. 

Fig. 4 shows the beem intensity during 
the COUPS. of these experiments during on. 
store. Also shown is the time when the pinger 
Y.. used to dilute and enlerg. the transverse 
emittencei the ping.7 wes fired .ve?y minute 
during the indicated time. The FWHH of the 
horizont.1 berm profile es measured by the 
flying wire scenner is shown a, points on the 
same figure. Not. the suppre,s.d ZRPO of the 
ordinet. sc.1.. 

During the COUPS. of the berm blow-up by 
the p zngrr the loss rat. incrreses es do., 
the width of the berm. After the ping*7 is 
turned off, the 1o**.* cotitinuc until the 
berm width deceyr to its original width. 

5.3 
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A remerkeble feature of this experiment 
is thet it taker almost 10 minutes for the 
brem to come to equilibrium. Thet th. good 
field aperture is so sm.11 is perhaps an 
indicrtion of something else wrong, although 
"0 effort has eve? been expended to optimize 
the correction elements for mdximum good 
field ap.rt!Jr* at 400 GeV. In feet, during 
this stove the ZRPO hermonic octupol. circuit 
we, at the ,.m. velu. es used for fired 
trrget operation. This value Y.8 set to 
provide a large tun. spread FOP Land." 
drmping for stebility et high intensity and 
should have the effect of reducing the good 
field aperture. 

,I., Horizontal Tune ,..I 

Fi,W. 5 Uorking .$i.,r.n *or th. r.r.tron ,h.au,,lg 
r..on.nc.s UP thrwgk t.nth ord.r, Th. "OlMl WOIllng 
point .“d th. 0”. n,.r th. fiPth 0,d.F c,u*t,r l r. 

indlc.t,d, 

After coming to equilibrium, the tunes 
W.P. changed to bring the working paIn+. 
closer to the cluster of fifth order 
P~S0"~"C.S show in figure 5. For the 
tcmainder of the study period. no growth in 
berm size OP increesed loss r.te was 
observed. 
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Th. fifth ord.r ~.,onanc., .r. of 

p.rticu1.r conc.~n in th, Tcvatro” b.E*“.s 
they c.n b. drivrn by the d.capole .PPOT= of 
th. dipoles which at-e relatively lrrgr and 
W.V. not inc1ud.d in the m*gn.t shuffling 
crit*rxa./r.f 4/ On the othw hand. with 
l up.rp.riodicity of 2s th.rs a~. 
.y.t.matic fifth order ~.son.nc.s in t;l: 
Tevatron. 

longitudinal dilution 

During th. first storrr .n app.r.nt b..m 
loss w.s t7ac.d to the rf s.n.itivity oF th. 
b..m int.nsity monitors. The loss of signal 
WdS d”e to th. d.bunching of the b..m . . 
vrrifi.. by signal. from striplin. pickups. 
In fats. longitudinal dilution times wcr. 
und.r an hour and would dominate the 
lumino.ity lifctim. of the T.vatron. 

Some sxperimrnts and improwmrnts 
.Ir..dy hrv. b..n mad. to tha T.v.tron low 
1rv.1 rf .yst*ln. H0w.v.r. .* shown at th. 
SPS. to make . syst.m with th. r.quir.d low 
noise level mry take .om. extra effort. 

gECFl FRATION 

Th. Only Tcvatron .rp.rim.nt sp.cif- 
ically di7.ct.d tow.rd th. SSC ha. b..n to 
d.t.rmin. the Tevstron's maximum practic.1 
op.r.ting .n.rgy range. This p.ram.t.r is 
p.rticulrrly important for th. d.t.rminrtion 
Of the SSC inJ.ctor. And, although th. fin.1 
SSC d.rign may involve quit. diff.r.nt 
magn*ts, it should b. educational and 
hop.fully comforting to c0mp.r~ dynamic 
rp.rtur. calculations with l-.*1 d.t.. 
.rp*ci.lly in th. ~OIP. difficult low 
crcitation c.s.. 

l-h. tcchniqu. for studying the lOui 
enetgy b.h.vior of th. Tevatron h.s be." to 
in,.ct normrlly from th. MR at 150 De” into 
th. Tevatson and thrn d.cr1.r.t. th. b.am. 
This p~OCe0"r.I as opposed to simply 
injecting at a lower energy. byparscs scv.rrl 
potrntial problem. with transfer line 
dpCrt"re r..trictions. It also *limit-tat*. 
rrtuning th. inJection paraeet*rr. d time 
co”s”ml”g proc~rr. 

Th. mr~or drrwbrck to th. d.c.l.ration 
proccdvr. is th.t th. large hysteresis of th. 
.up.rconducting magnrts has to b. understood. 
Fig. 6 show. th. hyst.r.>ir behavio? of th. 
s.rtupol. t.Pm of th. dipole magnets. <bZ>. 
Th. regions oft intcrost for acc.l.ration and 
d.c.leration *PC indicated. At inJ*ction at 
150 GeV th. UPP.P and lower CUT"I, JP. 
..p.rat.d by dG/(dp/p) * 210. At 50 0.V th. 
s*p.ration is 780. A, PJP al the dynamic 
range of th. SSC is ConcePned, which would 
Only involv. on. *id. of =nY hy.t.r..ic 
C”PY.I to decelerate is to solve a harder 
problem. Starting from In,.ction on th. 
normal upgoing hyrt.r.sis CUPV., th. magnets 
OlO". to th.u;;wngoing cuw. wer .om. .n.rgy 
int.rv.1 ln”rt b. d.t.rmin.d 
empirically. And sine. the?. a?. diff.r.nc.r 
b.tw..n th. Cb2> .I m.rrur.d with the b..m 
compar.d to th. FITF data in th. high.? .n.rgy 
r*gion. on. murt .1p.ct e"Fn 1rrg.r problems 
for 1ou.r .n.rgi*r. 

PCA 535 

!J’k , 

? o., 
c lo 

Op.rating th. T.vatron at ensrgier 1ow.r 
than 150 G&J h.s int.r.sting imPlic.tion. for 
thn rf. In norm.1 op.ration th. rf fr.qu.ncy 
f~cm 150 to 1000 GcV changer only about i LHz 
out of 53 Mhr. This limited op.rrting rang. 
implied two simplifications to th. rf system. 
Th. first Y.. a limitrd fT.p”*“Cy rang. Of 
the 1OW l.v.1 oscillator. th. ..cond ~.a a 
c.vity tuning .y..t.n using electric h..t.rs 
.nd h**t **chdng*rr in the water cooling 
system to control the cavity temperature. For 
d.ccl.ration to 50 G.V th. rf fr.qu.ncy 
changes about 9 kHz and rcqulrrl a 
modification to th. oscillator syst.m. Th. 
h..t.r circuits in conJunction with th. 
normrl rf h.rting k..p th. c.viti.r tun.d 
~1.11 anough for slow deceleration. 

Ih. first deceleration attrmptr saw the 
b.am di. .s th. energy diaini5h.d. This w.s 
und.rrtood as du. to b..m hitting th. half 
int*g*r Itopbands h.Ca"*. of th. large 
chromaticity of th. mrchin.. To correct the 
ch?.m.ticity, h0usv.r. 0". must ~..s"P. th. 
tun.s ds . function of radius. To m..sw. the 
tunrs cmT.ct1y. the horizontal .nd v.rtic.1 
b.tatron orcillation. must b. ind.p.nd.nt. 
FOP thi.. th. skew quad s.tting must b. 
CoFllsct. 

A" l npiric.1 procrdur. w.. 
d.v.1op.d 

quickly 
wing th. ping.? to 5.t the 

correction .1*m*ntr at 1 OW.7 and 1oUl.r 
.n*rgi*.. At . particular .n.rgy th. skcu 
quad w.. smt to minimi** th. vertical 
coh.r.nt o.cill.tion. induc.d by the 
horizont.1 ping.?. N.xt, th. two 
circuits ucr. 

s.rt"pal. 
adJuSted 

por.ibl. ring 
to give the long..t 

tin. of thm orcillrtionr 
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induc.d by the pingar. Thrt is. th. tuna 
,pr.ad wa, r.d”c.d and the coherence of the 
oscill.tions improved. The third .t.p 
inv.1v.d maa.uring the tuna, using . Fourier 
transform of the oscillations .nd setting the 
corr.ction qu.d circuits accordingly. 

Fig. 7 Ihow. the beam intensity rnd 
energy for some of the dacal.ration cycles at 
th. end of th. ,tudy Icsrion. The bsam cd” be 
3a.n to surviv. with no loss.. down to .lmo,t 
65 G.V. At that point the c1os.d orbit needed 
to be c.,rrrct.d. but there WJ. no time left. 

Fi‘YI, 7 B.S. int.n*ity and l n*Ppy “lo ki.n.. 

rpNCl USlONe 

With rcrpact to the SSC, the T.v.tron is 
unique in two respects. First. it ir the only 
operating ,uparconducting sychrotron. S.cond. 
..ch magnet %n the ring has been mcasur.d to 
high precision and th. data .?a av.il.bl. for 
computation. and detailed comprr~so” with 
beam behavror. Any SSC dcrign cslculation for 
single particle dynamics must surely work on 
the T.v.tron. 

The few ,tudy r.,,ionr ,o far hav. hew, 
“,.f”l to develop techniques dnd proc.dur.s. 
Some tcntstiv. conclusions r.le”a”t to the 
SSC .rt po..ibla. 

1) The Magnet Tcrt Facility data on th. 
dipoles can be “*da to agree with the beam 
behavior to within simple shift, of th. 
coordinrt. ,yrt.m, for <bi> and CbZ>. 
Something al.. may be the c.sa for Cal>. 

2) We h.va ,ean decay times .s long as 
10 minute. for p.rticlrs with larger batatron 
amplitudes. If this affect is not due to so.na 
mundan. problem with th. machine. it might 
narn that dn honrrt simulation of beam 
bah.vior by particle tracking may involv. 
tans of millions of turns. 

3) Although th. storrd b.am lifctim. 
itself i, quite long the corresponding 
luminosity lifetime would be limited by 
longitudinal dilution. The development of the 
low level rf systan and appropriate 
diagnostics d+. th. critical path toward the 

Tavatron . . a collider. 

4) The dyn.mic r.nga of the T.v.tron for 
main ring sized beams (*bout 24 pi norma1iz.d 
l mittanc.) is at least 65 C-V to at most 1000 
GaV. This frctor of 15 in oprr.tinglinJaction 
energy will certainly be incraas.d with more 
time devoted to machine ,tvdi.,. 

FUTURE PLANS 

There is a need POP methods to observe 
ph.no,..na during berm ,to?ag.. where the 
m.chin. has p.rform.d un.ap.ct.dly U.11. 
Automat.d flying 8uir.s. move s.nsitiv* 
intensity .nd 105s monitors,. and bcttet 
longitudinal detectors .P. needed and .~a 
bring built. 

Now that th. fix.d targ.t cxp.rim.ntal 
program is under wry. the next priority for 
mrchin. devalopmrnt will be to pr.p.r. for 
pbrr-p colli.ions in 1985 rnd 1986. In M.rch 
1984 one of the low beta intar.action region. 
will be ready for tests. Th. SSC r.l.t.d 
qu.stion of batatron ~.sonanca driving tarIns 
induced by = low b.ta in.artion will be of 
first priority. 
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